
 

Introduction 

Prostate cancer is one of the most common tumors 
damaging male health. Its morbidity ranks the top 
among the male malignancies in USA (Obara et al., 
2017). It takes the second place in the cause of death in 
male, only second to lung cancer (Obara et al., 2017). 
Morbidity of prostate cancer in China is far lower than 
that in Western countries. However, morbidity of pros-
tate cancer in China displays an increasing and younger 
trend within the past 20 years. This may be related to 
the lifestyle, lifetime extension, aging of population and 
improved diagnostic technique (Ben-Josef et al., 2017).  

Prostate cancer shows no specific early symptoms. 
However, it frequently develops local invasion or 
distant metastasis at advanced stage. Pelvic lymph 

node is the earliest and commonest site of metastasis for 
the prostate cancer (Zhou et al., 2015). Patients with 
localized prostate cancer have the 5-year survival of 
almost 100% (Hieronymus et al., 2014). However, the 5-
year survival of prostate cancer patient with distant 
metastasis has decreased to 29%. Prostate cancer  
patient has dismal prognosis in the presence of metas-
tasis, severely affecting the quality of life (Zhou et al., 
2015).  

Prostate cancer frequently occurs in the elderly men, 
with the median age of 72 years and the peak age of 75-
79 years (Obara et al., 2017). At present, prostate cancer 
patients aged below 60 years are rare in China, but the 
number is remarkably increased over the age of 60 
years (Petrioli et al., 2015). Risk factors inducing 
prostate cancer have not been determined yet. The 
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Abstract
The aim of this meta-analysis was to assess the association between SLCO1B3 
gene polymorphism and prostate cancer risk. PubMed, Embase, Cochrane 
Library, and Web of Science from inception to September 2017 were searched. 
Three authors independently selected studies, extracted data and assessed 
risk of bias. 5 articles published from 2008 to 2013 with 840 patients were 
included in this meta-analysis and were from Japan, USA and China. The 
prostate cancer risk of SLCO1B3 (rs4149117, GG) was markedly higher than 
that of SLCO1B3 (rs4149117, TT/TG, RR= 0.44, 95%CI: 0.39-0.49, p<0.00001), 
rs4149117 (TT, RR= 0.37, 95%CI: 0.32-0.42, p<0.00001) and rs4149117 (TG, RR= 
0.07, 95%CI: 0.05-0.10, p<0.00001). 2 or 5 years risk  free symptoms (RFS) of 
prostate cancer patient with SLCO1B3 (rs4149117, GG) was markedly higher 
than that of SLCO1B3 (rs4149117, TT/TG) (RR= -0.17, 95% CI: -0.27--0.07, p= 
0.001 and RR= -0.08, 95% CI: -0.16-0.00, p= 0.004). However, no evidence 
showed there existed significant statistical relationship between SLCO1B3 
(rs4149117) and 10 years RFS of prostate cancer (RR= -0.07, 95% CI: -0.19-0.06, 
p= 0.29). These data suggest that SLCO1B3 (rs4149117, GG) enhanced the RFS 
of prostate cancer. 
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known definite factors include age, race and heredity 
(Petrioli et al., 2015). Study targeting the risk of 
incidence of prostate cancer and single nucleotide 
polymorphism have been carried out (Zhou et al., 2015). 
Over 50 single nucleotide polymorphisms closely 
related to prostate cancer have been discovered, which 
are promising to be used to predict the risk of prostate 
cancer. Therefore, related research targeting prostate 
cancer is necessary (Ben-Josef et al., 2017).  

Transmembrane transport plays a crucial role in drug 
absorption, distribution, biotransformation and excre-
tion in the body. The physiochemical properties of drug 
itself, such as molecular size, hydrophilicity/lipophili-
city, and charge, will affect the transmembrane trans-
port process. In addition, membrane transport protein 
is also one of the important factors affecting the trans-
membrane transport process. ATP-binding cassette and 
solute carrier (SLC) superfamilies are the two major 
drug transporter families in the body. They are respon-
sible for drug excretion and absorption. Of them, 
organic anion transporting polypeptides (Oatp in 
rodent and OATP in human) belong to the SLC 
superfamily. They are extensively distributed in gastro-
intestinal tract, liver, kidneys and blood-brain barrier. 
Moreover, they can mediate the absorption and 
transport of multiple endogenous substances and 
common clinical drugs (Ayalasomayajula et al., 2016). 

Oatp1a1 is the first member of the OATP family first 
successfully isolated in 1994. So far, a total of 52 OATP 
members belonging to 8 species and 12 families have 
been discovered. 11 OATPs have been discovered in 
human body (Pei et al., 2017). Among them, OATP1B1 
and OATP1B3 are specifically distributed in basal 
lateral membrane of liver (lateral sinusoid membrane). 
They are mainly responsible for transporting substances 
in blood into hepatocyte (Pu et al., 2015). Thus, they can 
regulate substance metabolism or gene expression 
(Shimizu et al., 2012).  

OATP1B1 is the major transporter for statins to enter 
the liver. It is closely related to the occurrence of toxic 
and side effects, such as muscular injury (like 
rhabdomyolysis) in clinic (Evangeli et al., 2017). 
Therefore, structure, substrate/inhibitor, pharmaco-
genetics, and the drug-drug interaction mediated by 
OATP1B1 are the focuses of previous clinical studies 
(Wang et al., 2013). It is found recently that OATP1B3 
can transport the common substrate of OATP1B1 (Suga 
et al., 2017). Besides, it can also transport multiple 
substances that do not act with OATP1B1, such as 
digoxin, paclitaxel and docetaxel. Moreover, OATP1B3 
is the specific transport of liver under normal 
physiological status. However, it is highly expressed in 
tumor tissues and cells, like prostate cancer, colon 
cancer and lung cancer. OATP1B3 is not expressed in 
normal gastric, large intestinal and prostatic tissues 
(Wang et al., 2013). As a result, OATP1B3 is suggested 

to be accompanying with the carcinogenesis of the 
above organs (Pei et al., 2017).  

The aim of this meta-analysis was to assess the associa-
tion between SLCO1B3 gene polymorphism and pros-
tate cancer risk.  

 

Materials and Methods 

Search strategy 

PubMed, Embase, Cochrane Library, and Web of 
Science from inception to September 2017 were search-
ed. Searches were conducted using combinations of 
keywords and free words: SLCO1B3, SLCO1B3 
gene polymorphism, rs4149117 or prostate cancer.  

Inclusion and exclusion criteria 

The inclusion criteria were: a) randomized controlled 
trials, b) patients with advanced or metastatic prostate 
cancer, c) overall response rate, overall survival rate, 
recurrence-free survival.  

The exclusion criteria were: a) patients started treat-
ment before randomization, b) non-randomized con-
trolled trials, c) candidates for watchful waiting, d) non-
human studies and non-English studies, e) conference 
reports, systematic reviews or summaries, f) repeated 
published literature, g) studies with insufficient data 
integrity, systematic reviews or summaries; h) non-
human studies and non-English studies. 

Coding of studies 

Three independent reviewers using a standardized 
form extracted relevant data from five articles. Three 
independent reviewers extracted first author’s name, 
year of publication, origin country, ethnicity, cases, 
gene, NO (GG/TT+TG) and survival analysis.  Discre-
pancies were discussed until reaching a consensus. 

Statistical analysis 

The meta-analyses was conducted using Cochrane 
Collaboration Software Review Manager (RevMan ver-
sion 5.3). A fixed effects model, calculating risk ratio 
(RR) and 95% confidence intervals (CIs) were analyzed. 
P values less than 0.05 were considered as statistically 
significant. Heterogeneity studies was examined using 
Chi-square based Q-test in which I2 indicates level of 
heterogeneity. I2>50% or Pheterogeneity<0.1 was high 
heterogeneity (Pu et al., 2017).  

 

Results 

Search results and study characteristics 

A total of 1168 records were obtained from the database 
searching and 75 articles were available for full text and 
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data assessment after primary screening. The number of 
eligible articles dropped to 41 articles through title and 
abstract and 5 articles (Koyama et al., 2008; Zheng et al., 
2016; George et al., 2017) were selected by examining 
full texts of the remainder (Figure 1). The characteristics 
of studies were shown in Table I. 5 articles published 
from 2008 to 2013 with 840 patients were included in 
meta-analysis and were from Japan, USA and China.  

Association between the mutation rate of SLCO1B3 
(rs4149117) and prostate cancer risk 

Five studies depicted the relationship between the 
mutation rate of SLCO1B3 (rs4149117) and prostate 
cancer risk. According to Figure 2A, the prostate cancer 
risk of SLCO1B3 (rs4149117, GG) was markedly higher 
than that of SLCO1B3 (rs4149117, TT/TG) (RR= 0.44, 
95% CI: 0.39-0.49, p<0.00001). Meanwhile, the prostate 
cancer risk of SLCO1B3 (rs4149117, GG) was also 
markedly higher than that of SLCO1B3 (rs4149117, TT) 

(RR= 0.37, 95% CI: 0.32-0.42, p<0.00001, Figure 2B). The 
prostate cancer risk of SLCO1B3 (rs4149117, GG) was 
also markedly higher than that of SLCO1B3 (rs4149117, 
TG) (RR= 0.07, 95% CI: 0.05-0.10, p<0.00001, Figure 2C). 
These results showed that the mutation rate of 
SLCO1B3 (rs4149117) is GG in prostate cancer patient.  

Association between the mutation rate of SLCO1B3 
(rs4149117) and recurrence-free survival (C) of prostate 
cancer 

Three studies depicted the relationship between 
SLCO1B3 (rs4149117) and recurrence-free survival 
(RFS) of prostate cancer. According to Figure 3A, 2 
years RFS of prostate cancer patient with SLCO1B3 
(rs4149117, GG) was markedly higher than that of 
SLCO1B3 (rs4149117, TT/TG) (RR= 0.59, 95% CI: 0.41-
0.85, p= 0.005). Meanwhile, 5 years RFS of prostate 
cancer patient with SLCO1B3 (rs4149117, GG) was 
higher than that of SLCO1B3 (rs4149117, TT/TG) (RR= 

Table I 

Basic characteristics of included studies 

Study Reference Year Country Ethnicity Cases Gene NO 
(GG/TT+TG) 

Survival 
analysis 

Fujimoto (Koyama et al., 2008) 2013 Japan Asian 87 rs4149117 49/38 RFS 

Sharifi (Zheng et al., 2016) 2008 USA Caucasian 136 rs4149117 100/36 RFS 

Hamada (Koyama et al., 2008) 2008 USA Caucasian 58 rs4149117 49/9 RFS 

Pressler (George et al., 2017) 2011 USA Caucasian 21 rs4149117 13/8 RFS 

Yang (Koyama et al., 2008) 2011 China Asian 538 rs4149117 368/162 RFS 

RFS: recurrence-free survival 

Figure 1: Search results and study characteristics 
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0.61, 95% CI: 0.34-1.09, p= 0.10, Figure 3B), without 
statistically significant change. However, There was no 
evidence of existed significant statistical relationship 
between SLCO1B3 (rs4149117) and 10 years RFS of 
prostate cancer (RR= 0.67, 95% CI: 0.28-1.59, p= 0.36, 
Figure 3C). These results showed that SLCO1B3 

(rs4149117, GG) enhanced RFS of prostate cancer. 

Publication bias 

Funnel plots for this meta-analysis of association 
between SLCO1B3 gene polymorphism (rs4149117) and 
prostate cancer risk. According to Figure 4, and Table II, 

Table II 

Pooled HRs and 95% CIs in meta-analysis 

Variable Ref. No. of 
studies 

No. of 
patients 

HR 95% CI p Effects 
model 

Heterogeneity 
I2 (%) Ph  

Mutation rate                   

TT/TG vs GG   5 840 0.4 0.4-0.5 <0.00001 84 <0.001 Fixed   

TT vs GG   5 840 0.4 0.3-0.4 <0.00001 80 0.0005 

TG vs GG   5 840 0.1 0.1-0.1 <0.00001 6 0.37 

RFS                 

2 years   3 281 0.6 0.4-0.9 0.005 90 <0.0001 

5 years   3 281 0.6 0.3-1.1 0.10 0 0.40 

10 years   2 145 0.7 0.3-1.6 0.36 0 0.36 

RFS: Recurrence-free survival 

Figure 2: Association between the mutation rate of SLCO1B3 (rs4149117) and prostate cancer risk  
TT/TG vs GG (A), TT vs GG (B), TG vs GG (C); TT, rs4149117 TT; TG, rs4149117 TG; GG, 4149117 GG 
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the funnel plots for six indexes were symmetric, 
indicating no obvious publication bias. Furthermore, 
there were associations between TT/TG vs GG (I2= 
84%, Pheterogeneity<0.001), TT vs GG (I2= 80%, Pheterogeneity= 
0.0005), TG vs GG (I2= 6%, Pheterogeneity= 0.37), 2 years 
RFS (I2= 90%, Pheterogeneity<0.0001), 5 years RFS CG (I2= 
0%, Pheterogeneity= 0.40) and 10 years RFS (I2= 0%, 
Pheterogeneity= 0.36) (Table II). 

 

Discussion 

Prostate cancer is the most common male malignancy in 
Urology. In addition, it is the second killer inducing 
tumor-related death in male (Medioni et al., 2014). In 
USA, the morbidity of prostate cancer has overpassed 
that of lung cancer. It has become the male malignancy 
with the highest morbidity (Montgomery et al., 2016). 
Research has found that prostate cancer morbidity 
shows obvious geographical difference (Montgomery et 
al., 2016). According to statistics, Austria, Caribbean Sea 
and Scandinavian area have the highest morbidity 
(Medioni et al., 2014). In contrast, Asian area and North 
African area have the lowest morbidity. Prostate cancer 
morbidity in Asia is far lower than that in European 
and American countries. However, it displays an 
increasing trend in recent years, with more markedly 
increasing amplitude than developed European and 

American countries (Montgomery et al., 2016). Research 
has indicated that the national life and dietary modes in 
China have been gradually westernized. Prostate cancer 
patients consulted in Urology in China, especially in 
developed areas, are growing (Vasarainen et al., 2013). 
It is predicted that the morbidity and mortality of 
prostate cancer in Chinese men will greatly rise within 
the coming 20 years. Moreover, the incidence cases and 
death cases will increase by 2030. Meanwhile, it is 
estimated that prostate cancer morbidity in future 5 
years is probably to exceed that of bladder cancer 
(Montgomery et al., 2016). Thereby, it will become the 
urogenital system tumor with the highest morbidity in 
Chinese men. Therefore, the issue of prostate cancer 
that China faces in the future is non-negligible. This 
meta-analysis showed that the prostate cancer risk of 
SLCO1B3 (rs4149117, GG) was markedly higher than 
that of SLCO1B3 (rs4149117, TT/TG, RR= 0.44, 95% CI: 
0.39-0.49, p<0.00001), rs4149117 (TT, RR= 0.37, 95% CI: 
0.32-0.42, p<0.00001) and rs4149117 (TG, RR= 0.07, 95% 
CI: 0.05-0.10, p<0.00001). These results showed that the 
mutation rate of SLCO1B3 (rs4149117) is GG in prostate 
cancer patient.  

OATP1B3 belongs to the solute transporter superfamily. 
It is mainly responsible for transporting endogenous 
and exogenous substances to hepatocyte for 
metabolism (Ayalasomayajula et al., 2016). OATP1B3 is 

Figure 3: Association between the mutation rate of SLCO1B3 (rs4149117) and recurrence-free survival of prostate cancer 2 years 
RFS (A), 5 years RFS (B), and 10 years RFS (C) of prostate cancer  

TT, rs4149117 TT; TG, rs4149117 TG; GG, 4149117 GG 
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a liver-specific transporter (de Morree et al., 2016). It is 
generally localized in liver cell membrane in sinusoid 
side (Bedewy and El-Maghraby, 2013). It is found in 
recent studies that, high OATP1B3 expression exists in 
tumor tissues and cells like prostate cancer, colon 
cancer and lung cancer. SLCO1B3 shows obvious gene 

polymorphism (de Morree et al., 2016). Notably, 
334T>G and 699G>A haplotypes can markedly affect 
the transport activity of OATP1B3 (Bedewy and El-
Maghraby, 2013; Suga et al., 2017). Therefore, they can 
mediate drug-drug interaction and result in individual 
difference in clinical medication. Our study showed 

SE logRRD
 

A 

0 

 

 

0.1 

 

 

0.2 

 

 

0.3 

 

 

0.4 

 

 

0.5 

0.01                  0.1                      1                      10                    100 

RR 

SE logRRD
 

B 

0 

 

 

0.1 

 

 

0.2 

 

 

0.3 

 

 

0.4 

 

 

0.5 

0.01                  0.1                      1                      10                    100 

RR 

SE logRRD
 

C 

0 

 

 

0.2 

 

 

0.4 

 

 

0.6 

 

 

0.8 

 

 

1 

0.01                  0.1                      1                      10                    100 

RR 

SE logRRD
 

D 

0 

 

 

0.1 

 

 

0.2 

 

 

0.3 

 

 

0.4 

 

 

0.5 

0.01                  0.1                      1                      10                    100 

RR 

SE logRRD
 

E 

0 

 

 
0.5 

 

 

 

1 

 

 
1.5 

 

 
2 

0.01                  0.1                      1                      10                    100 

RR 

SE logRRD
 

F 

0 

 

 

0.2 

 

 

0.4 

 

 

0.6 

 

 

0.8 

 

 

1 

0.01                  0.1                      1                      10                    100 

RR 

Figure 4: Publication bias 
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that 2 years RFS of prostate cancer patient with 
SLCO1B3 (rs4149117, GG) was markedly higher than 
that of SLCO1B3 (rs4149117, TT/TG) (RR= 0.59, 95% CI: 
0.41-0.85, p= 0.005). These results showed that 
SLCO1B3 (rs4149117, GG) enhanced RFS of prostate 
cancer, however, we also found that mutation rate of 
SLCO1B3 (rs4149117) is GG in prostate cancer patient. 
These showed that SLCO1B3 (rs4149117, GG) is 
common genotype, SLCO1B3 (rs4149117, TT/TG) 
induced prostate cancer and inhibited RFS in patient 
with prostate cancer. In further study, we will analyze 
the mutation rate of SLCO1B3 (rs4149117) of normal 
healthy volunteers and patient with prostate cancer.  

There are several limitations to our study. First, the 
numbers of articles were relatively small. Second, there 
were differences in the numbers of participants in the 
five articles comparisons among the interventions, 
which may have impacted the results. Lastly, all articles 
reported RFS of prostate cancer patient that is too 
singleness.  

 

Conclusion 

Based on our results, we concluded that SLCO1B3 
(rs4149117, GG) enhanced RFS of prostate cancer 
patients.  
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